Introduction
For the past few years, the studies of organic thin−film tran− sistors (OTFTs) have grown dramatically due to their poten− tial applications in integrated circuits, flat−panel displays. Compared with conventional silicon−based electronics, or− ganic devices exhibit significant advantages such as low cost, light weight, structural flexibility and easy process for large−area electronics [1] [2] [3] . It has been shown that mor− phology is one of the main factors in deciding about the final performance of the device [4, 5] . To date, three me− thods have been summarized for transistor characteristics' improvements. Firstly, novel organic materials including semiconductors and gate dielectrics have been developed for OTFTs [6, 7] . The second issue is the optimization of morphology of organic films by increasing the order of film [8] [9] [10] . Thirdly, advanced device configuration and inter− face modification were proposed, which were considered to be the contributions of devices' physics [11] [12] [13] . Most tra− ditional thin film transistors are MOS structure which is a lateral structure. But to the organic materials, carrier mobility is too low, so thin film transistor should be chosen a short channel structure. And finally, to pursue the rela− tively high currents and low operational voltages, we intro− duced the vertical−type structure transistors geometry. The promising characteristics will be achieved due to the very short channel length between the collector electrode and the emitter electrode [14, 15] .
In this paper, copper phthalocyanine as a kind of small molecular photosensitive material has been used due to its stability, low cost and easy to synthesis. When the evapora− tion temperature was 400°C, we got the same grain size film, there are not large voids among the grains. We have fabricated a vertical structure organic thin film transistor (VOTFT). When a voltage is applied to the device, holes enter the emitter, and then through the two Schottky barriers to reach the collector. And at the same time excitons will be generated after the optical signal irradiating in an organic semiconductor photosensitive material layer, then under the built−in electric field produced by the Schottky contact, electrons flow to base region, holes flow to collector region, photocurrent is generated as a part of operating current. So we hope that this kind of organic transistor can be used as photoelectric detector.
Device fabrication and measurement
The sample in this paper has a five−layer structure of Cu/CuPc/Al/CuPc/ITO fabricated by vacuum evaporation and magnetron sputtering. The fabrication process is as fol− lows: firstly, ITO film (collector electrode) is deposited on the glass substrate, secondly, the first CuPc evaporation film, thin film Al base and the second CuPc thin film are deposited, and lastly, Cu film emitter electrode is deposited. The conditions of fabrication are that CuPc evaporation temperature is 400°C, the substrate temperature is 20°C, the thicknesses of CuPc thin films are controlled by the time of evaporation, the rate of evaporation is approximately to CuPc, Cu, Al, ITO were purchased from TCI (Shanghai) Development Co., Ltd.. OLED multi−function multiple coating system (Chinese Academy of Sciences, Shenyang Institute of Scientific Instruments) was used to fabricate the device. All electrical measurements were performed by Keithley 4200 semiconductor parameter analyser at room temperature. Shown in Fig. 1 is a schematic diagram of the vertical structure organic thin film transistor (VOTFT).
Carrier mobility in the organic material is low. For instance, in the reported information, the largest mobility of CuPc is 0.02 cm 2 /vs. If the carrier moves a long distance in the organic material, then this transistor will have a high driving voltage and a very low reaction speed. Therefore, we apply the vertical structure, the carriers in the transistor are about to move a distance of 200 nm, and the driving voltage is very small.
Result and discussion
All electrical characteristics of a thin film transistor are measured in air at a constant room temperature of 20°C. The Schottky I-V rectification characteristics of semiconductor aluminium and two sides' CuPc thin films are shown in Fig. 2 . The result is agreed to the conductive characteristics of the Shottky barrier formed by the contact of metal and p−type semiconductor.
To measure the dc operating characteristics of VOTFT, the base−collector bias voltage (V bc ) was varied from 0 V to 1 V in 0.25 V steps, the setting collector voltage was 0 V, the emitter bias voltage was swept from 0 V to 3 V. Xenon lamp with a stabilized input current of 7.6 A and a full−wave band white light (hereafter, we call it white light) to irradiate the device, it is shown that I ec -V ec characteristics of VOTFT in Fig. 3 . The current being unsaturated, this feature is ex− pected for the driving element of the OLED display. From the result shown in Fig. 3 , it is indicated that I ec decreases with the increase of converse bias voltage in base, that is, the holes injected to the collector from the emitter are con− trolled by the change of base depletion layer thicknesses which is controlled by the voltage of base electrode. Barrier height increased with the increasing of base voltage, while it decreased with the increasing of emitter voltage. The maxi− mum current is 3.04 μA, it's equal or greater than some MOS structure transistors which also used CuPc for organic materials. In Ref. 16 current exhibits the highest value of 6.3 μA when CuPc was deposited a double layer structure with different temperature and the transistor was annealed at 200°C for 5h.
The I ec amplification factor is the radio of the currents which were obtained in white light and without light. The relationship between the amplification factor I ec and the base voltage V b is shown in Fig. 4 . The energy band diagrams of Metal Al contact with a p−type semiconductor are shown in Fig. 6 . The Cu and ITO form ohm contact with organic semiconductor phthalo− cyanine (CuPc), and the ultra−thin Al forms Schottky con− tact with both sides CuPc. CuPc is a p−type semiconductor material, when Al contacts with CuPc, on both sides of the Fermi level in the same line the holes from the valence band of the semiconductor to metal, and the metal surface to form the rising of positive charge, semiconductor depletion layer exists symbol equal and opposite negative charge. Deple− tion layer barrier changes similar to unilateral p−n junction. It complies with Fowler−Nordheim tunnelling injection law that holes overcome the barrier to metal. At the same time, the optical signal irradiates into an organic semiconductor layer from ITO transparent electrode, and produces electron hole pairs, electrons move to the base form the photocur− rent. The energy levels as shown.
According to the carriers' movement and the relation− ship of current division, the relationship of p−n−p triode base current I b and collector current I ec in no light can be derived from the following Eq. (1)
Where b is the magnification, I b dark is the base current in darkness, and I b white is the base current in white light. Electron−hole excitons are generated in CuPc semicon− ductor layer by white light, and then separated by built−in electric field, electrons flow to base region, holes flow to collector region, the photocurrent I L is generated as a part of 
The value of the base current I b and the operating current I ec is obtained when V b = 0 V and V ec = 3 V, which is shown in Table 1 . 
Where I ec dark is the collector and emitter current in dark− ness, I ec white is the collector and emitter current in white light. Illumination brightness corresponding to a full−wave band (white) light is 27.46 cd/cm 2 detected with the brightness measuring instrument. The effective area of the device is 4 mm 2 . The value of white light amplification coefficient is calculated by Eq. (3). White light amplification coefficient of the device is 98.65. We hope that this kind of organic transistor can be used as photoelectric detector.
Conclusions
In summary, the vertical structure CuPc thin film transistor has been fabricated and the electrical characteristics also have been measured. The current is unsaturated and this feature is ex− pected for the driving element of the display. The conductive channel is the thickness of the films, the shortcoming of low mobility is overcome by reducing the conductive channel, and the operating voltage is improved. When device was irradiated by a full−wave band (white) light, its working current exhibited excellent current characteristics. When V ec = 3 V, the I ec ampli− fication factor is in the range of 2.9-6.4. The photocurrent I L = 0.122 μA in white light which is 2.227 times of base cur− rent. Besides, device in the absence of light current amplifica− tion coefficient is 16.5, and white light amplification coefficient of the device is 98.65.
